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Mr. FRASER thought  the following summary of the cost of rail- 
way tunnels, constructed  under the direction of Messrs. Locke  and 
Errington,  might be  found to possess some interest, not only as a 
record of actual experience, but also as indicating, to some extent, 
the relative  expense of piercing different strata :- 
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Mr. C. B. LANE gave a description of a tunnel executed by him 

in  the years 1813 and 1814, as resident  assistant to the  late 
Mr. Brunel, on the Bristol and Gloucester Railway, Fig. 1, p. 352. 
The tunnel was situated at St.apleton, about 3 miles from Bristol, and 
was carried through  the shales of the coal measures, locally called 

duns.' The ground, from the fact of an old tunnel (shown by 
dotted lines on the cross section) having been carried through the 
same place, and also from some old coal workings, was in a very 
shaky condition. The tunnel was constructed for a double broad- 
gauge line, its east  side  being occupied by the old tunnel, which 
was about 9 feet wide and 12 feet high,  through which the traffic 
on the  Coal  Pit  Heath Railway, leading from Bristol to Wester- 
leigh, was originally  carried. The work  was commenced in 1843 
during a dry summer, and  there  being no appearance at first of 
the pressure that afterwards  exhibited itself, the arch work was 
carried on with only four rings of brickwork in  mortar. When  the 
autumnal  rains  set in, the  ground began to press heavily, so much 
so that  the whole line of the tunnel could be traced along the  sur- 
face ; and it pressed all  the more heavily from the- fact, that  the 
greatest  depth over the arch was not more than 40 feet. On  the 
10th November, 1843, a length of the tunnel fell in, and it was 
found necessary to proceed with the  centering as rapidly as pos- 
sible, to  prevent the whole  of the work, so far as then constructed, 
from falling;  and before completion, upwards of 200 liueal yards 
of the  arch  had to be taken  out  and rebuilt. After this  accident 
the dimensions of the brickwork were considerably increased, and 
Roman  cement was employed. The  late Mr. Robert Stephenson 
t.he highest authority  the profession had had on practical questions, 
-had said, that more was to be  learned from failures, than from 
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successes, a.nd it was  on that  account that, Mr.  Lane  ventured to bring 
forward  the  facts  relating  to  this  tunnel, as a warning  to  Engineers 
not to incur unnecessary risks in t,unnels. During  the  progress of 
the work, some little  embarrassment was caused by the necessity 
of keeping  the  small  tunnel open for traffic ; but no interruption 
occurred  until  the  accident of which  he had spoken, and  that 
casualty was happily  unattended with loss of human life. He had 
at  first used such centres as were employed  in the Buckhorn Wes- 
ton Tunnel  (Plate 8, Fig. 6) ; but he thought  it  scarcely possible 
to devise a more  inconvenient  centre for a tunnel : subsequently 
skeleton ribs were used of the  kind shown in Fig. 1. There  were 

Fig. 1 .  

great  objections  to  the use of .timber  centres in a tunnel, and he 
preferred  wrought-iron  centres,  like  those used in  the construc- 
tlon  of the  Metropolitan  Railway, which must be pronounced most 
valuable contrivances. The total  length of the  Stapleton  Tunnel 
was 514 yards. It was  26 feet wide at  the level of' the rails, 28 
feet a t  t,he springing,  and 24 feet  high. The side walls were 
built of sonnd-fitted  rubble work, of Pennant  sandstone ; and  the 
arch of bricku-ork was laid in  lias lime  mortar up to the  time of 
the accident, after which  R.oman cement was chiefly employed. 
At  t,he cnnclnsion of the work the  arch st,ood thns :- 
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Brickwork in Cement :- 
6 rings thick . . 122 lin. yards. 
5 9 9  9 ,  * 280 7, 9 ,  

5 7, 9 ,  - 48 7, >, 
4 9 ,  9 ,  - 47 9 ,  >, 

Brickwork in  Mortar :- 
6 rings thick . . 10 9 9  ,f 

Coursed  rubble  in mortar,. 2 feel thick 7 Y 9  9 ,  

514 yards. - 
The work was executed  in one hundred  and  thirty lengths, the 

greatest being 16 feet, the least 6 feet, and  the  average  about 
12 feet. Where  there was much lateral pressure an invert was 
put in. 

The total  quantity of oak bars and props broken, or otherwise 
destroyed,  in  timbering the excavations was 6,715 feet, or 13 feet 
per lineal yard of tunnel. The quantity of poling boards unavoid- 
ably left, in amounted to about 50 superficial feet per lineal  yard 
of tunnel. The greatest number of bars used in one length was 
thirty-four, and  the  greatest number  broken in one length twenty- 
three.  From eight lengths only was all the timber saved. The  
average for the labour for brickwork in cement (the three rings 
next the soffit heing laid  header and stretcher) was 1 bricklayer 
and 14 labourer  to 1.8 cubic yard of brickwork ; for the ma- 
sonry, l mason and l labourer gave 22, cubic yards on the average 
per day. The price allowed for centre  setting,  including the 
profiles,  was 10 shillings  per rib. Bristol bricks were delivered for 
29 shillings per thousand, and Keynsham lime for about fourpence 
a bushel. The R,oman cement was gauged with ashes in the 
proportion of 2 to 1, and gave an average, includin all waste, of 
about 2 cwt. 3 qrs. per cubic yard of brickwork. % he oak bars 
cost eightpence  per  lineal foot, and elm poling boards 16 shillings 
per 100 square feet. The contract price for ordinary excavation 
In the  tunnel was 38. 6d. per cubic yard, and for rock ‘is. Tlle 
brickwork in mortar was 25 shillings, and in cement 30 shillings, 
the rubble masonry in  mortar 15 shillings per cubic yard, and 
ashlar 2 shillings per cubic foot. Mr. .John Prkchard was the 
contractor. 

Mr. HAWKSHAW, President,  trusted  that because the  Paper did 
not elicit much  discussion, it would not be considered the less valu- 
able. The fact was, a plain and  accurate description of important 
works was perhaps t,he most  useful kind of communication that could 
he laid before the Institution. The discussions were doubtless 
very interesting, bnt, the most valnable pcnnanent, records for the 
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' Minutes uf Proceedings ' were drawings  and descriptions of 
works of magnitude,  and  the detailed experience of those who 
had superintended them. H e  therefore felt personally obliged 
to  Mr. Fraser-and he was sure  the  Institution joined in that 
feeling-for the  Paper he had  laid before them. I t  related to a 
class of  work  which often  presented great difficulties ; and he 
was quite  sure if carefully-prepared accounts were brought for- 
ward, of all those modes and processes which Engineers  had 
recourse  to in constructing the tunnels in this country, i t  would 
afford, especially to  the  younger members of the profession, mmt 
important  and valuable information. 
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